Abstract
Introduction

30
Pollution by endocrine disrupting chemicals is a threat to wildlife (Wedekind, 2017 Aris et al., 2014) . This steroid is a compound of oral 33 contraceptive pills and reaches the environment through household sewage (Ternes et al., 1999a, 34 Chèvre, 2014). During the sewage treatment process, EE2 removal is expected to be on average 35 68%, i.e. its degradation is likely not complete (Johnson et al., 2013) . Thus, rivers that carry 36 treated sewage effluent also carry EE2. Modelling work suggests that EE2 is present at 10 pg/L 37 or higher in 20% of the entire European river network (Johnson et al., 2013 ) and concentrations 38 around 1 ng/L have been regularly measured in surface waters (Tiedeken et al., 2017) . and C. albellus) to low concentrations of EE2 (from 1 ng/L), they found EE2 to reduce embryo 71 survival and larval growth and to delay hatching (Brazzola et al., 2014) . However, whitefish are 72 lake-spawning salmonids that in the natural environment may be less exposed to EE2 than their 73 river-spawning counterparts. Schubert et al. (2014) 
82
The brown trout population of the Aare river system in Switzerland has been extensively 83 monitored and has shown a decline of about 50% over the past three decades (Burkhardt-Holm, 
Methods
93
Experimental design and embryo rearing 
109
Plates were incubated in a climate chamber at 4.6°C. 
123
At the day of hatching, embryos were singly transferred to 12-well plates (Greiner Bio-
124
One, Austria) filled with 3 mL of autoclaved standardized water (OECD, 1992), i.e. there was no 125 EE2 treatment at that stage. These 12-well plates were scanned for embryo body measurements 126 (Epson Perfection V37, Japan), i.e. hatchling length and yolk sac length and width at hatching.
127
After 24 days, the plates were again scanned for the same trait measurements. Larval growth was and without embryos and were collected 7, 28, 56 and 84 days after exposures (the latter was 159 collected a few days before embryo hatching started).
160
EE2 was quantified with liquid chromatography-tandem mass spectrometry (LC-MS/MS).
161
First, the water samples were thawed and filtered with glass fibre filters. Then, sample volume 162 and pH were set to 250 mL and 3, respectively. After that, 4 ng/L of 17α-ethynylestradiol D4 Triple Quadrupole. The column used was an XBridge BEH C18 CP (2.5 µm, 2.1 mm X 75 mm).
170
A gradient of acetonitrile/water was used for the liquid chromatography followed with a post-171 column addition of ammonium fluoride solution. Mass transitions that were monitored are listed 172 in the SI (Table S1 ). The LC-MS/MS method also covered estrone (E1), 17β-estradiol (E2) and 173 bisphenol A (BPA) -mass transitions described in Table S1 All three compounds were detected 174 in the 24 well-plates with BPA at significant concentrations (see SI).
176
Results
178
EE2 water quantifications and embryo uptake 179 180
The measured concentration of the EE2 and control spike solutions corresponded to the nominal well) throughout the observational period (Fig. 1) . In EE2-spiked plates with embryos, the level 187 of EE2 gradually declined from near the nominal concentration to the limit of quantification (Fig.   188 1). Nearly all of this decline happened during the first month of embryogenesis (Fig. 1) . Control- 
EE2 effects on brown trout early traits 193 194
Exposure to EE2 reduced embryo survival by 0.7%, i.e. an increase in mortality by 34.9 % (Table   195 1a; Fig. 2a ). Breeding blocks varied by their survival rates, however the differences among 196 breeding blocks were not dependent on the treatment (block x treatment interactions in Table 1a ).
197
The exposure to EE2 led to delayed hatching time by about half a day (Table 1b , Fig. 2b ) and to 
232
In our study, the high stability of EE2 concentrations in plates without embryos and its 
237
With an exposure content of 2 pg/embryo, estimated uptake in our experiment was continuous at 
247
A one-time exposure to 2 pg of EE2 was sufficient to reduce embryo survival by 0.7%.
248
Given the high overall survival rate of nearly 98% in controls, this low reduction in survival 249 represents a 35% increase in mortality. In our experimental setup embryos were singly raised 250 under conditions that are arguably close to optimal for their development (e.g. minimizing
251
pathogen growth and mechanical stress, etc.). In the wild, embryos are typically exposed to very 252 strong selection (Elliott, 1994) and have to cope with a combination of challenges such as Table 1 for statistics. 
